WATER RESOURCE AVAILABILITY
IN THE WHITEWATER RIVER BASIN,
INDIANA

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

1988




WATER RESOURCE AVAILABILITY IN THE
WHITEWATER RIVER BASIN, INDIANA

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

Water Resource Assessment 88-2

Printed By Authority of the State of Indiana
Indianapolis, Indiana: 1988



STATE OF INDIANA
Robert D. Orr, Governor

DEPARTMENT OF NATURAL RESOURCES
James M. Ridenour, Director

DIVISION OF WATER
John N. Simpson, Director

Project Manager: Judith E. Beaty
Editor: Cynthia J. Clendenon
Photography: Richard Fields
Cover Design: Robert Allen

Compilation and development of the final report was the primary responsibility of the
Basin Studies Section of the Water Management Branch.

For sale by Division of Water, Indianapolis, Indiana 46241
Price $5.00



PROFESSIONAL AND TECHNICAL STAFF OF THE
DIVISION OF WATER

JOHN N. SIMPSON, P.E., L.S., Director
JAMES J. HEBENSTREIT, P.E., Assistant Director — Water Management
MICHAEL W. NEYER, P.E., Assistant Director — Regulations
RICHARD L. WAWRZYNIAK, P.E., L.S., Assistant Director — Planning
VICTOR H. WENNING, P.E., Assistant Director — Engineering Services
MARCIA S. SIPF, Administrative Assistant

ENGINEERING SERVICES BRANCH

BRIAN E. BALSLEY, Surveyor

JOHN R. BARNHART, Engineering Geologist
ROBERT D. BIRCH, Engineering Technologist
STEVEN M. BRADLEY, Engineering Assistant
GEORGE P. CESNIK, Draftsman

JOHN C. CLARK, Engineering Geologist
LANNY J. CRAWLEY, Surveyor

KERRY M. DAILY, Engineering Assistant
BURTON C. DANIELS, Chief Draftsman
PHILLIP L. GEIGER, Surveyor

ABBIE G. GEORGE, Draftsman

ROBERT K. HALTOM, Surveyor

JAY A. KEMP, Surveyor

JAMES R. KIRK, Surveyor

SCOTT E. MORLOCK, Hydraulic Engineer
STEVEN G. MYER, Surveyor

RODNEY D. NEESE, Surveyor

MIKE T. SAUL, Engineering Geologist

TOM 1. SHAFFER, Draftsman

DON L. SPILMON, Draftsman

WILLIAM J. STEEN, C.P.G., Engineering Geologist
CHARLES T. STEVENSON, P.E., Hydraulic Engineer
JOSEPH C. STRACK, Surveyor

JAMES T. STRANGE, C,P.G., Engineering Geologist
RANBIR S. TREHAN, Surveyor

LEWIS G. TRENT, Hydraulic Engineer
HELEN A. WIERCIOCH, Hydraulic Engineer
ROBERT W. WILKINSON, L.S., Surveyor
CONNIE K. WILLIAMS, Draftsman
CHARLES D. WOODARD, Draftsman

SCOTT R. YOHO, Surveyor

PLANNING BRANCH

DALE F. BAKER, Water Planner

JOHN D. CRAWFORD, Water Planner

STEVE E. DAVIS, Water Planner

ART GARCEAU, Water Planner

WALTER A. MANGOLD, P.E., Hydraulic Engineer
CARLA J. NORTH, Water Planner

DEBRA J. SMITH, Engineering Assistant

PEGGY L. STOLZ, P.E., Hydraulic Engineer

REX R. STOVER, P.E., Hydraulic Engineer
WILLIAM L. TRAKIMAS, Water Planner

REGULATIONS BRANCH

GEORGE C. BOWMAN, P.E., Hydraulic Engineer
JOEL L.M. CRUZ, P.E., Hydraulic Engineer
ROBERT E. DARFUS, Engineering Assistant
DAVID W. EICHELBERGER, Hydraulic Engineer
ROBERT M. GRAY, Engineering Assistant

JOHN D. HALL, P.E., Hydraulic Engineer
JONATHON E. LaTURNER, Hydraulic Engineer
DONALD R. McALLISTER, Engineering Assistant
KEITH A. MILLER, Hydraulic Engineer
KENNETH E. SMITH, P.E., Hydraulic Engineer
JON D. STOLZ, Hydraulic Engineer

ERNEST H. VANDIVER, Engineering Technologist
EDWIN B. VICIAN, P.E., L.S., Hydraulic Engineer
JIMMY N. YEE, Engineering Assistant

WATER MANAGEMENT BRANCH

MARK E. BASCH, C.P.G., Engineering Geologist
JUDITH E. BEATY, C.P.G., Engineering Geologist
SIAVASH E. BEIK, P.E., Hydraulic Engineer
CYNTHIA J. CLENDENON, Engineering Assistant
RICHARD F. GEEKIE, P.E., Hydraulic Engineer
THOMAS L. GREENAWALT, Engineering Assistant
GREGORY A. MAIN, Program Specialist
MITCHELL J. MOSIER, Engineering Assistant
BRET A. ROBINSON, Engineering Geologist
TERRI C. SWOVELAND, Program Specialist
KATHERINE L. THALMAN, C.P.G.,

Engineering Assistant



CONTENTS

Page

INTRODUCTION . . . o e e e e e e e e e e e e e e 1
StUAY ArEa. . . oottt e i
Purpose and SCOPE. .. ..ottt e e e 1
Previous INVESHZAtIONS. . . ..ottt e e e 3
AcknOWIBAZEIMENLS . . . . o oottt e e e 4
POPULATION AND ECONOMIC FRAMEWORK . ... ... e 5
Population. . . ... o 5
BCONOMMY . . . o oottt et e e et e e e e e e e e e e 6
Land USe. . ..o e e e e e e e 7
GEOLOGIC FRAMEW O RK . . .o e e e e e e e s 11
Topography and soils. .. ......... . 11
Surficial BeOlOgY . . . . .ot e e 14
Bedrock GEOLOEY . . . . oo e e 17
BASIN HYDROLOGY . . . oot e e e e e e 19
Clmate . . . oo e e 19
Climatic data. .. ... ..ot i e e 19
Temperature . ... ..o 19
Precipitation . . .. oottt e e 20
Evapotranspiration . . . ... ...ttt ettt e e e e e e 24
Surface-water hydrology . . ... ... o e 24
Drainage characteristics. .. ... .. oot e 24
Stream-flow data. .. ... ... 24
RESEIVOIIS . . . . e 26
Stream-flow Characteristics . . . . .. ..ottt e e 27

Average flows. . ... 27

Low flOoWS . . o 28

Surface- and ground-water INteractions. . . . ...ttt ittt it e 29

Flow duration. ... ........ . i e e 30

Water-level correlation. . ........ .. ... ... e 31

Hydrograph separation. ... ......... ... ..ottt e e 31

Effects of Brookville Lake on downstream flows. ... ..... ... ... ... i iiinnenn... 33
Surface-water qUAlity. .. ... ... ot 35
Surface-water quality data.............. . i e 35

SEECAIIIS . . ottt e e 36

RESEIVOILS . . .t 37

Ground-water hydrology . ... ... ... i e 39
Ground-water data. . ... ... ...t 39
Piezometric Surface. ... ... ... ... e 39

Whitewater River Basin Aquifer Systems. ... .. ... ... . .. . i 39



Wayne-Henry Aquifer System. .. ....... .. i 4]

Fayette-Union Aquifer System............ ... i e 42

Dearborn Aquifer System. ........... ... . 43

Whitewater Valley Aquifer System. .. ..........o i 43

Ordovician Bedrock Aquifer System.............c.. i 44

Silurian Bedrock Aquifer System.......... ... . . e 44

Ground-water quality. ... ... ... . e 44

Factors affecting ground-water chemistry........... ... ... oot 48

Basin @sseSSIMENLt. . . ... ... 48

Ground-water contamination. . .. ... ... .......euitt et e 55

WATER USE AND PROJECTIONS . . . . o e e e e i 57

EXIStINE WaET USE. . ..ottt sttt et et et et e et e e e e e e e e e 57

Registered USe CateGOIIES . . . .« ittt ettt et e e e 61

NOD-TE@IStEred USES. . . ..ottt ettt e et e e e e e e e 63

Water USE PrOJECLIONS. . .. i\ttt ettt e et e e et e et e e e e 65

Registered USe CateGOrieSs . . . .« .. ittt ittt et e et e e 65

NOD-TEGISIEIEd USES. . . o\ vttt ettt et et e et e e e e e 66

AVAILABLE WATER SUPPLY AND FUTURE DEVELOPMENT. ..., 69

Surface-water availability. . ... ... .. e 69

Significant surface-water SIteS. ... .. ... .. .. i 69

Safe yield. ... ... e 70

ReESEIVOITS . . . o e 70

ST EAINS .« o ottt 78

Wastewater treatment facilities. . ............ .. . 78

Ground-water availability. . ... ... e 78

Transmissivity valtues. . . ... .o . i e 80

Recharge . ... &3

Development potential. . ... ... ... .. .. e 83

SUMMARY

Population and €COMOMY . .. ... ... .. e et e e 87

Topography and geology . .. ... oo e e 87

Surface-water Rydrology . ... ...t e 87

Ground-water hydrology . .. ... ..ot e e 88

Water use and Projections. . . ... ... ...ttt e 89

Water availability and development. . .. ... .. .. e e 90

REFERENCES . .. o e e e e e e e e 91
APPENDICES



Plate

Figures

N =

1-2

3-4

7-14

15-23

24
25
26
27
28-29

30-32

33-34

35-36

37

ILLUSTRATIONS

Page

Bedrock topography............ ... i In Pocket
Composite piezometric surface map for unconsolidated aquifers............. In Pocket
Unconsolidated and bedrock aquifer systems............................. In Pocket
Maps showing:

1 Indiana water management basins. . .............c.. i 2
2 Whitewater River Basin in Indiana. ............ ... ... .. .. o i 3
Graphs showing:

3 Historic and projected changes in county population........................... 5
4 Historic changes in city population. ............ ... .. oo, 5
Map showing land use...... ... ... 9
Chart showing generalized geologic timescale............... ... ... .. ivven.... 11
Maps showing:

7 Extent of major ice lobes during Wisconsinan time in Indiana................. 12

8 Drift thickness. . ... i i e 12

9 Physiographic regions in Indiana............ ... ... ... . o i 13
10 Surficial gEOlOgY . . . .« v it e 15
11 Glacial MOTaINeS. . . .. oottt e e e e e 16
12 Regional geologic Structure. .............oouiiiniiinie i, 17
13 Bedrock geology . ... ..ot e 18
14 Location of hydrologic data collection stations. .............................. 21
Graphs showing:

15 Typical operation schedule for Brookville Lake.............................. 27
16 Low-flow frequency curves, Whitewater River near Alpine.................... 28
17 Flow duration curves for selected stream gages in Indiana..................... 30
18 Flow duration curves for major stream gages in the Whitewater River Basin..... 30
19 Water-level hydrographs and total daily precipitation near Brookville............ 32
20 Flow duration curves for Whitewater River at Brookville showing the effects of
Brookville Lake. ... ... . e 34
21 Comparison of major chemical constituents at selected stream quality stations. ...36
22 Depth profiles of selected physical parameters at Brookville Lake near dam. ... .. 38
23 Monthly water levels in observation wells Wayne-6 and Franklin-5............. 40
Map showing ground-water quality sampling locations........................... 45
Graph showing statistical summary for selected ground-water quality constituents. .. .49
Map showing generalized areal distribution of alkalinity and iron concentrations. . ... 51
Graph showing percent of ground-water samples exceeding selected concentration
LIMItS . .o e 53

Maps showing:
28 Generalized areal distribution of total dissolved solids and nitrate concentrations. .54

29 Location of registered water withdrawal facilities. ........................... 59
Graphs showing:

30 Comparison of 1986 water use with registered capability...................... 57
31 Total water USe DY SOUICE. .. .. ..ottt i et en e 58

32 Public water supply use by selected municipalities
Maps showing:

33 Surface-water availability. ... ..... ... . 71
34 Depth contours of Middle Fork Reservoir

.................................. 75
Graphs showing:
35 Draft-storage curves for significant sites. .. .......... ... ... ... o il 74
36 Non-dimensional draft-storage curves.............. ... ... .. ... . .. 77

Map showing transmissivity values......... ... .. ... .. ... .. . . i i 81



Table

O 0 ~1 N A W N

[ T N T NG N N T N S e e T T N

TABLES

Page
Indiana counties within the Whitewater River Basin.............................. 3
Selected data from 1982 Census of Agriculture. ... ..............c.cooiiinno. ... 6
Types of unconsolidated surficial materials. ................................... 15
Characteristics of exposed stratigraphic units. .................................. 17
Climatic stations in and near the Whitewater River Basin........................ 20
Monthly and annual precipitation at selected probability levels.................... 23
Normal monthly and annual precipitation. ..................................... 23
Stream gaging stations and selected stream-flow characteristics................... 25
Storage and area of Brookville Lake.................. . . ...t 26
Ground-water contribution to stream flow based on hydrograph separation.......... 33
Summary of unconsolidated and bedrock aquifer systems........................ 41
Significance of selected water quality constituents.............................. 47
Total water use by Category. ...t 57
Total water withdrawal capability and use for all categories combined............. 58
Types of public water supply utilities. . ....... ... ..o 61
Water withdrawal capability and reported use for public supply................... 62
Water withdrawal capability and reported use for industry and irrigation........... 63
Estimated 1985 domestic self-supplied water use............................... 64
Estimated livestock water use by livestock category.................c.oouinnn. .. 64
Public water supply projections. .. ...............viiiiureeee 65
Industrial water USe Projections. .. ...............uuuurieiiiina... 66
Industrial water use projections by industry type.............cooviiiiiiiian... 66
Industrial water use projections for Richmond.................................. 66
Domestic self-supplied water use projections. ..................c.c.ooiiiiiinn... 67
Projected supply and demand for recreational instream uses...................... 68
Mean monthly runoff volumes for Whitewater River at Brookville................ 69
Draft-storage values for Middle Fork Reservoir........................ccovon. 73
Draft-storage values for West Fork of the East Fork Whitewater River............. 74
Draft-storage values for Salt Creek............ ... ... .. ... 77
Surface-water availability based on stream-flow characteristics.................... 79
Stream-flow characteristics at wastewater treatment facilities..................... 80

Estimates of aquifer system recharge............. ... .. ... i, 84



Appendix

0 3 AN Lt AW N~

10

11

12
13

APPENDICES

Page
GlOSSaTY .« o it e 99
Historic and projected county population................coiiiiiieiiiiinnean.. 104
General SOIl MAP. .. ... .ottt e 105
Discussion of exposed stratigraphic units............. ... ... ... ... oL 108
Characteristics of subsurface stratigraphic units............................. ... 109
Example of hydrograph separation for East Fork Whitewater River at Abington....110
Maximum contaminant levels for selected inorganic chemicals................... 113
Summary of selected stream quality constituents collected by the Indiana Department of
Environmental Management, 1976-85... ... ... ... ... ... i 114
Concentrations of common stream quality constituents and selected metals collected by
the U.S. Geological Survey, 1974-81 .. ... .. ... i it 115
Summary of selected stream quality constituents collected by the U.S. Army Corps of
Engineers, 1072-86. .. ... . . i e 116

Concentrations of selected water quality constituents collected by the U.S. Army Corps
of Engineers at Brookville Lake, 1974-86........ ... .. ... ... i, 118

Results of chemical analysis from selected water wells

Discussion of reservoir yield dependability.............. ... ... . ... .. ... ... 126



ACRONYMS AND ABBREVIATIONS USED IN TEXT

IDNR Indiana Department of Natural Resources

IDEM Indiana Department of Environmental Management

NOAA National Oceanic and Atmospheric Administration

NWS National Weather Service

NASQUAN National Stream Quality Accounting Network

USEPA U.S. Environmental Protection Agency

USCE U.S. Army Corps of Engineers

USGS U.S. Geological Survey

app. appendix

fig. figure

pl. plate

cfs cubic feet per second

°F degrees Fahrenheit

m.s.l. mean sea level

gpd gallons per day

gpm gallons per minute

mg million gallons

mgd million gallons per day

mg/1 milligrams per liter

ml milliliters

$q. mi. square miles

SELECTED CONVERSION FACTORS

Mulitply By To obtain
AREA

Acres 43,560 Square feet
0.001562 Square miles
VOLUME

Acre-feet 0.3259 Million gallons
43,560 Cubic feet
FLOW

Cubic feet per second 0.646317 Million gallons per day

Gallons per minute 0.002228 Cubic feet per second

Gallons per minute

0.0014 Million gallons per day




WATER RESOURCE AVAILABILITY
IN THE WHITEWATER RIVER BASIN, INDIANA

INTRODUCTION

The Water Resource Management Act (I.C.
13-2-6.1) was signed into law on April 7, 1983 by
Governor Robert D. Orr. Under Section 3 of the act,
the Natural Resources Commission must (1) conduct
a continuing assessment of water resource availability,
(2) conduct and maintain an inventory of significant
withdrawals of ground and surface water, and (3) plan
for the development and conservation of the water
resource for beneficial uses.  Section 5 further man-
dates the statewide investigation of (1) low stream-flow
characteristics, (2) water use projections, (3) the
capabilities of streams and aquifers to support various
uses, and (4) the potential for alternative water supply
development. These and other directives reflect a com-
prehensive approach to water resource management
and establish a legislative foundation upon which
management programs can be further developed.

To help meet mandated responsibilities, the Com-
mission has divided Indiana into 12 water management
basins (fig. 1). As the Commission’s technical staff,
the Indiana Department of Natural Resources, Divi-
sion of Water will characterize the availability of water
on and below the land surface through a series of basin-
wide investigations.

STUDY AREA

The Whitewater River Basin, which lies within the
Miami River Basin of the Ohio River drainage system,
drains 1329 sq. mi. (square miles) in southeast Indiana
and 145 sqg. mi. in southwest Ohio (fig. 2). Headwaters
of the Whitewater River and its east fork are located
in extreme southern Randolph County, Indiana and
southwest Darke County, Ohio. The two rivers flow
south and slightly west through Indiana’s Wayne,
Fayette, and Union Counties (fig. 2). In Franklin
County, the Whitewater River bends southeast to join
the east fork near Brookville, then exits Indiana in
Dearborn County. About two miles into Ohio, the
Whitewater River joins the southwest-flowing Great
Miami River, which empties into the Ohio River at the
intersection of the Indiana, Ohio, and Kentucky state
lines.

The Whitewater River Basin drains an area
characterized by rolling farmland and adequate to abun-

dant water resources in the north, and hilly to rugged
forested topography and less abundant water supplies
in the south. The basin also contains Brookville Lake,
Indiana’s second deepest and third largest manmade
IeServoir.

Surface-water and ground-water supplies in the
Whitewater River Basin serve a diversity of human
needs, ranging from non-withdrawal uses such as in-
stream recreation to large water withdrawals for public
supply and industrial manufacturing. Demands on the
water resource are expected to increase as both the
economy and population continue to diversify.

PURPOSE AND SCOPE

This report describes the availability, distribution,
quality, and use of surface and ground water in the
Whitewater River Basin, Indiana (fig. 2). The second
in a series of 12 regional investigations, the report is
intended to provide background hydrologic informa-
tion for water resources decision-making. Industrial,
agricultural, commercial, recreational, governmental,
and other public interests can utilize the summarized
data in developing and managing the basin’s water
resource.

Because the report is written for a wide spectrum
of readers, key technical words within the text are
italicized the first time they appear, and where ap-
propriate thereafter. Brief definitions are given in the
glossary (app. 1).

Although some detailed data are included in technical
appendices, this report is not intended for evaluating
site-specific water resource development projects. Per-
sons involved in such projects should contact the Divi-
sion of Water for further information.

The Whitewater River Basin includes parts of two
states (fig. 2), but all discussions in this report refer
only to the Indiana portion. Unless otherwise indicated,
discussions address only the areas of Indiana counties
lying within the basin boundary (see table 1).

Much of the information presented has been sum-
marized from data and maps obtained from state and
federal agencies, from various technical reports, and
from departmental communications. Some new
ground-water quality data were collected during the
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investigation, and other hydrologic data have been
compiled, analyzed, and interpreted.

PREVIOUS INVESTIGATIONS

To date, no comprehensive hydrologic studies of the
Whitewater River Basin have been published.
However, a work plan for structural engineering im-
provements in the East Fork Whitewater River Basin
discusses proposed measures for watershed protection,
flood prevention, recreation, and water management
(State of Indiana and State of Ohio, 1971).

Four journal articles by Gooding (1963, 1966, 1973,
and 1975) were particularly useful in describing the
geology of the Whitewater Basin. A series of un-
published geologic quadrangie maps of southeast In-
diana by Gooding, in addition to various reports by
his co-workers and students at Earlham College, ad-
dress both geologic and hydrogeologic characteristics
of various areas within the basin. A report by Bruns
(1976) summarizes the geology of Wayne County.

Maps by the Indiana Geological Survey (Burger and
others, 1971; Gray, 1983; Gray and others, 1972,
1987) summarize surficial and bedrock geology. Malott
(1922) provides a comprehensive treatment of regional
physiography. Gruver (1984) characterizes outwash
deposits along the Whitewater River.

Table 1. Indiana counties within the
Whitewater River Basin

Total In-basin | Percent of

area area |total basin
County (sg mi) (sgq mi) area
Dearborn 307 42 3.16
Decatur 373 33 2.48
Fayette 215 197 14.82
Franklin 385 365 27.47
Henry 395 43 3.24
Randolph 454 84 : 6.32
Ripley 447 21 1.58
Rush 408 14 1.05
Union 163 128 9.63
Wayne 404 402 30.25
Total 3551 1329 100
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A report by the Governor’s Water Resource Study
Commission (1980) assesses various aspects of water
availability and use for 18 planning and development
regions in Indiana. Most of the Whitewater Basin lies
within two of these regions. A series of land use and
planning maps for Fayette County (Smith, 1977) and
Wayne County (Wayne County Resource Inventory
Council, Inc., 1976) includes maps of bedrock and un-
consolidated deposits, depth to bedrock, bedrock
topography, and ground-water availability. Two atlases
by Uhl (1969, 1973) outline the geography, popula-
tion, climate, geology, ground-water and surface-water
quality, ground-water availability, and water usage for
Randolph and Henry Counties. Soil survey reports pro-
vide background information on the economy, land
use, and water resources of Fayette and Union Coun-
ties (Alfred and others, 1960), Rush County (Brock,
1986), Decatur County (Shively, 1983), and Dearborn
County (Nickell, 1981).

Sources utilized in the Whitewater study and those
of potential use are listed in the *‘Selected References.’’
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